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doi:10.1016/j.jfma.2012.02.002Background/Purpose: Kinmen, an offshore island of Taiwan, is a popular location for sight-
seeing and an important entry port between Taiwan and China. Kinmen is also highly endemic
for scrub typhus. The authors aimed to investigate the disease characteristics there, which
remained largely unknown.
Methods: The authors conducted a retrospective study on patients with scrub typhus in Kinmen
during 2005e2008. The clinical information was reviewed from medical records for statistical
analysis.
Results: There were 261 patients with scrub typhus included with a bimodal summer-autumn
type of distribution, with most patients (40%) age 20e29 years and a large proportion of
patients (26%) older than 60 years. The disease manifestation, laboratory examinations, and
treatment outcomes were comparable in summer and autumn. Fever (97%), eschar (93%),
and relative bradycardia (67%) were the most common presentations, whereas lymphadenop-
athy (18%) and skin rash (8%) were infrequent. Elevated liver function, C-reactive protein
levels, and low to normal platelet counts were frequent findings. A correct diagnosis was made
made in an average 3.7 days after fever or 1.6 visits of medical consultation, and minocycline
was prescribed in a timely manner. Most patients had good recovery and only 12 patients (5%)
had severe infection with acute renal failure, shock, gastrointestinal bleeding, or respiratory
failure; no mortality was found. Older age, longer fever duration, thrombocytopenia,
abnormal liver and renal function, hyponatremia, and elevated C-reactive protein levels were
significantly associated with severe complications and prolonged treatment duration.Distinguished Professor, Graduate Institute of Clinical Medicine, National Taiwan University College
Road, Taipei 10002, Taiwan.
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202 T.-H. Su et al.Conclusion: A unique summer-autumn type of scrub typhus with milder disease manifestations
is identified in Kinmen. The younger patient population, rapid diagnosis, and prompt treatment
may be associated with a shortened disease course and lead to a better outcome.
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Scrub typhus is a zoonotic disease resulting from Orientia
tsutsugamushi infection, which is transmitted vertically in
the entire life cycle of mites, especially the Leptotrombi-
dium species. Rodents are a common animal host for mites,
which act as both reservoir and vector for O. tsutsuga-
mushi.1 The trombiculid larval stage of mites, the chiggers,
bite humans during recreational activities or farm work in
the meadows of rural areas and transmit O. tsutsugamushi
into the human body, causing scrub typhus. Scrub typhus
prevails in eastern and southern Asia, western Pacific
Islands, and northern Australia. The enclosed area is often
called the “tsutsugamushi triangle,” with approximately
one billion residents.2 Taiwan is located just within this
triangle. Eastern and southern Taiwan and its offshore
islands (Kinmen, Penhu, and Matzu islands) were endemic
for scrub typhus and comprise almost 70% of all patients.3-6
Scrub typhus has been listed as a category 4 notifiable
infectious disease in Taiwan since 1955.
Kinmen island (2444’N and 11833’E) has a population of
approximately 90,000 in an area of 150 km2. The climate is
subtropical and the rainy season occurs during April through
September, with average temperatures of 19e28C. Kinmen
is a popular sightseeing destination for ecotourism and an
important entry port between Taiwan and China. According
to the statistics of the Taiwan Centers for Disease Control
(CDC), Kinmen is known to be highly endemic for scrub
typhus, with almost 100 confirmed cases annually since
2005 (http://nidss.cdc.gov.tw/). In 2011, there were 77
confirmed cases in Kinmen, which accounts for 26% of total
confirmed cases (nZ 292) in Taiwan. The clinical profiles of
scrub typhus in Kinmen remain largely unclear; however, it
is important to know this information because of the
disease prevalence and relative medical deficiency in
Kinmen. Therefore, we aimed to investigate the disease
characteristics and treatment outcomes of scrub typhus in
Kinmen.
Materials and methods
Patients
Kinmen Hospital is the only general hospital in Kinmen
Island, and according to the statistics from the Health
Bureau of Kinmen, more than 95% of suspected cases of
scrub typhus were referred to this hospital. We retrospec-
tively included suspected cases of scrub typhus in Kinmen
Hospital from 2005 to 2008. The clinical information,
laboratory data, and treatment responses were reviewed
from the medical records.
Fever was defined as body temperature higher than
38C, and defervescence was defined as body temperaturepersistently below 37C for more than 1 day in patients with
fever. Relative bradycardia was defined as body tempera-
ture 38.9C and heart rate <110/minute without medi-
cation of calcium blockers, beta-blockers, or
antiarrhythmic agents.7 A severe case of scrub typhus was
defined as having septic or hypovolemic shock, acute
respiratory failure (requiring intubation), acute kidney
injury (serum creatinine doubled from baseline), rhabdo-
myolysis, and acute gastrointestinal bleeding without prior
peptic ulcer history, meningoencephalitis, myocarditis, or
death.8 A good treatment response was defined as recovery
of scrub typhus without complications.
All patients suspected of having scrub typhus were re-
ported to the Taiwan CDC for registration. Patients’ whole
blood and serum were collected during the acute phase as
well as the convalescent phase (within 7e14 days after
symptoms onset) and submitted to the Taiwan CDC labo-
ratory for confirmation, either by serologic or molecular
assays. This study was performed in accordance with the
principles of the Declaration of Helsinki and had been
approved by the Institutional Review Board of National
Taiwan University Hospital (200904057R). Informed
consent was obtained from all participants or their rela-
tives before inclusion in the study.
Serologic and molecular diagnosis of scrub typhus
The indirect immunofluorescence assay with antigens of
major strains of O. tsutsugamushi was used for serologic
diagnosis, and scrub typhus was confirmed by an initial
immunoglobulin M titer >1:80 or a  fourfold rise of
immunoglobulin G titers in paired serum.9 In addition,
a positive polymerase chain reaction (PCR) with specific
primer sets for the 56-kDa type-specific antigen of
O. tsutsugamushi was used concurrently to confirm the
diagnosis and determine the genotypes.10 For those with
negative scrub typhus results, the Taiwan CDC would use
PCR-based assays to survey other common rickettsial
diseases in Taiwan (such as acute Q fever and murine
typhus).9
Statistical analysis
Descriptive values were expressed as mean  standard
deviation and percentage accordingly. The numbers of
available or positive data versus all patients (n/N) were
indicated in individual cells of the tables 1e3. The Student
t test was used for data comparison between continuous
variables and the chi square test for categorical data. The p
values were two-tailed and those <0.05 were considered
statistically significant. The statistical analysis was per-
formed using STATA software (STATA 11.0, STATA Corpora-
tion, College Station, TX, USA).
Figure 2 The case number of scrub typhus in Kinmen during
2005e2008, stratified by age groups.
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There were 353 suspected cases of scrub typhus reported to
the Taiwan CDC during 2005-2008 by Kinmen Hospital.
Among them, 267 patients with CDC-confirmed scrub typhus
with 269 incidents (two had repeat infections, confirmatory
rate: 76%) were found. In patients negative for scrub
typhus, one case was actually murine typhus.This accoun-
ted for 15% of all cases in Taiwan (n Z 1848) during the
same time period (http://nidss.cdc.gov.tw/). A bimodal
summereautumn distribution of scrub typhus is shown in
Fig. 1. Infection occurred in 74% from May to August and
in 26% from September to November, with most infections
in July (35%). Of note, the number of infected patients
decreased significantly in August. The average annual
incidence of scrub typhus was 86 per 100,000 population
according to the demographic data from the Ministry of
Internal Affairs. Most patients are 20e29 years old (40%,
n Z 108) and a proportion of patients are older than 60
years (26%, n Z 69) (Fig. 2).
Clinical manifestations and laboratory findings
We excluded patients with incomplete clinical profiles or
informed consent, and 261 patients were included for
further analysis. The clinical features of patients with scrub
typhus are shown in Table 1. The average age was 42 years
(range: 3e101 years) with male predominance (73%). Fever
(97%, 253 of 261), headache (48%, 125 of 261), malaise
(39%, 103 of 261), chills (31%, 81 of 261), and myalgia (26%,
69 of 261) were the most frequent symptoms, whereas
eschar (93%, 243 of 261) and relative bradycardia (69%, 95
of 137) were the most common signs; lymphadenopathy
(18%, 46 of 261) and skin rash (8%, 21 of 261) were less
frequent. The eschars localized over the head and neck
(2.1%), upper extremities (23.6%), trunk (35.4%), lower
extremities (14%), and groin region (24.9%).
In addition, a significant proportion of patients had
thrombocytopenia (45%, 114 of 251) and elevated aspartate
aminotransferase (AST) (75%, 166 of 220), alanine amino-
transferase (ALT) (59%, 142 of 241), and C-reactive protein
(CRP) levels (100%, 200 of 200). Sixty-two percent of
patients (56 of 91) had increased lower lung infiltration onFigure 1 The bimodal monthly distribution of scrub typhus
cases in Kinmen during 2005e2008.chest radiograph. Hepatomegaly or splenomegaly was
found in 40% of patients (17 of 42) receiving abdominal
ultrasonography. The genotype of O. tsutsugamushi was
determined in 60 samples collected mostly in summer,
showing the Karp, Kato, and Kawasaki strains in 28, 15, and
17 patients, respectively.
Diagnosis and treatment outcomes
Scrub typhuswas correctly diagnosed at first visit in 144 cases
(55%), whereas upper respiratory tract infection or fever of
unknown origin was diagnosed in 60% of the remaining cases.
In brief, a correct diagnosis wasmade after an average of 1.6
clinical visits (either Kinmen Hospital or other clinic) and 3.7
days after the onset of fever.
Ninety-three patients (36%, 93 of 261) were admitted
with an average hospitalization lasting 7 days. Most of these
patients (99%, 259 of 261) received minocycline, and
defervescence occurred within 2.8 days after treatment.
The patient characteristics, initial symptoms and signs,
laboratory findings, and treatment responses were compa-
rable between summer (MayeAugust) and autumn
(SeptembereNovember) types of scrub typhus (all p > 0.05)
(Table 2).
The treatment outcomes were generally favorable. Only
12 patients (5%) had severe infection with acute renal
failure (50%, six of 12), shock (25%, three of 12), gastroin-
testinal bleeding (25%, three of 12), or respiratory failure
(17%, two of 12) and two patients required intensive care.
Reviewing the history of these patients, six of them had no
underlying disease and another four of them had hyper-
tension without renal dysfunction or peptic ulcer history.
No mortality was found in this series. The comparisons
between patients with mild and severe forms of scrub
typhus are shown in Table 3. Compared with those with
milder forms of the disease, patients with severe disease
were significantly older and had prolonged fever before
diagnosis (6.0 vs. 3.6 days). They also had significantly
higher white blood cell, AST, ALT, blood urea nitrogen,
creatinine, and CRP levels, and significantly lower levels of
platelets and sodium. The hospitalization days and time to
defervescence were also significantly longer in patients
with severe disease.
Table 1 Demographic and clinical characteristics of scrub typhus patients (n Z 261) in Kinmen.
Characteristics Value Normal value
Age (y) 42  21
Sex, male:female 190:71
Fever to diagnosis (day) (n/N) 3.7  2.4 (243/261)
Initial symptoms and signs
Fever, % (n/N) 97 (253/261)
Eschar, % (n/N) 93 (243/261)
Relative bradycardia, % (n/N) 69 (95/137)
Headache, % (n/N) 48 (125/261)
Malaise, % (n/N) 39 (103/261)
Chills, % (n/N) 31 (81/261)
Myalgia, % (n/N) 26 (69/261)
Cough, % (n/N) 20 (52/261)
Lymphadenopathy, % (n/N) 18 (46/261)
Skin rash, % (n/N) 8 (21/261)
Initial laboratory tests
WBC (/mL) (n/N) 5899  2590 (251/261) 4000e10000
Platelets (/mL) (n/N) 136  54 (251/261) 120e400
AST (U/L) (n/N) 111  173 (220/261) 5e40
ALT (U/L) (n/N) 112  127 (241/261) 15e65
BUN (mg/dL) (n/N) 14  8 (204/261) 7e20
Creatinine (mg/dL) (n/N) 1.1  0.6 (230/261) 0.6e1.3
Na (mmol/L) (n/N) 136  5 (197/261) 135e147
K (mmol/L) (n/N) 3.8  0.5 (199/261) 3.5e5
CRP (mg/dL) (n/N) 4.8  2.6 (200/261) <0.5
Hospitalization, % (n/N) 36 (93/261)
Minocycline to defervescence (d) (n/N) 2.8  1.5 (164/261)
Hospitalization days (d) (n/N) 6.8  2.9 (93/93)
Severe cases, % (n/N) 5 (12/261)
Data are expressed as mean  standard deviation or percentage. ALTZ alanine aminotransferase; ASTZ aspartate aminotransferase;
BUN Z blood urea nitrogen; CRP Z C-reactive protein; K Z potassium; Na Z sodium; n/N Z number of patients with available or
positive data/number of all patients; WBC Z white blood cells.
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year apart, with similar symptoms and signs. Another two
patients did not receive any scrub typhus-specific treat-
ments, and both recovered after supportive care.
Discussion
Our data showed several special characteristics of scrub
typhus in Kinmen, Taiwan. First, the scrub typhus occurred
mostly in young adults aged 20e29 years, and a large
proportion of patients are older than 60 years. Second,
a bimodal summereautumn distribution of scrub typhus was
observed. Third, skin rash and lymphadenopathy were infre-
quent signs. Fourth, the disease presentation is milder with
a good treatment outcome. Moreover, older age, abnormal
liver and renal function, thrombocytopenia, hyponatremia,
elevatedCRP levels, andprolonged fever beforediagnosis are
associated with severe disease, more complications, longer
hospitalization, and delayed defervescence.
The seasonal distribution of scrub typhus varied
geographically. It prevails during summer in southern
China,11 during autumn and winter in Korea and northern
China,12,13 and from winter to spring in Japan.14 In eastern
Taiwan, scrub typhus is prevalent during spring and autumn.3We found a summereautumn endemic in Kinmen, similar to
the seasonal distribution in Penghu, another offshore island
of Taiwan.4 This summer-autumn distribution is a mixture of
eastern Taiwan and southern China, where Kinmen is located
in between. A previous vector survey of scrub typhus in
Kinmen found that Leptotrombidium deliense and Lepto-
trombidium scutellare are the most common species of
mites during summer and winter seasons, respectively.15
Another study demonstrated that Karp, Gilliam, and Kato
are the most common strains of O. tsutsugamushi in L.
deliense; whereas Kawasaki and Kuroki strains are more
common in L. scutellare.12 This special distribution of mites
and O. tsutsugamushi strains may result in varied seasonal
manifestations of diseases.10,12 In our cohort, the genotype
of O. tsutsugamushi was determined only in 60 samples,
mostly in summer (55 of 60). We failed to find a seasonal
difference of genotypes, partly because of the small sample
size in autumn. Compared with the largest number of
patients in July, a dramatic drop in August is interesting but
it is unclear why it occurs. Because the weather and pop-
ulation at risk are comparable in these two months, whether
a transition of mite species from summer to autumn
contributed to this phenomenon deserves further
investigation.
Table 2 Demographic and clinical characteristics between the summer (MayeAug) and the autumn (SepeNov) type of scrub
typhus in Kinmen.
Characteristics Summer type (n Z 198)a Autumn type (n Z 65)a p
Age (year) 42  21 41  22 0.786
Sex, male:female 143:55 49:16 0.618
Fever to diagnosis (d) (n/N) 3.7  2.3 (180/198) 3.7  2.7 (63/65) 0.957
Initial symptoms and signs
Fever, % (n/N) 97 (193/198) 95 (62/65) 0.395
Eschar, % (n/N) 93 (184/198) 92 (60/65) 0.867
Relative bradycardia, % (n/N) 68 (71/104) 74 (25/34) 0.563
Headache, % (n/N) 46 (91/198) 54 (35/65) 0.269
Malaise, % (n/N) 39 (78/198) 38 (25/65) 0.894
Chills, % (n/N) 30 (60/198) 32 (21/65) 0.761
Myalgia, % (n/N) 24 (48/198) 32 (21/65) 0.200
Cough, % (n/N) 22 (43/198) 15 (10/65) 0.269
Lymphadenopathy, % (n/N) 15 (30/198) 25 (16/65) 0.081
Skin rash, % (n/N) 8 (16/198) 8 (5/65) 0.920
Initial laboratory tests
WBC (/mL) (n/N) 5997  2590 (189/198) 5608  2590 (64/65) 0.300
Platelets (/mL) (n/N) 137  57 (189/198) 130  44 (63/65) 0.354
AST (U/L) (n/N) 117  193 (162/198) 94  97 (58/65) 0.398
ALT (U/L) (n/N) 118  141 (181/198) 95  71 (60/65) 0.233
BUN (mg/dL) (n/N) 14  8 (154/198) 14  7 (50/65) 0.780
Creatinine (mg/dL) (n/N) 1.1  0.6 (172/198) 1.1  0.3 (58/65) 0.980
Na (mmol/L) (n/N) 136  5 (149/198) 135  4 (48/65) 0.085
K (mmol/L) (n/N) 3.7  0.5 (151/198) 3.9  0.5 (48/65) 0.210
CRP (mg/dL) (n/N) 4.6  2.7 (152/198) 5.1  2.2 (48/65) 0.242
Genotypes, Karp:Kato:Kawasaki 26:12:17 2:3:0 0.106
Hospitalization, % (n/N) 35 (70/198) 35 (23/65) 0.996
Minocycline to defervescence (day) (n/N) 2.9  1.6 (114/198) 2.6  1.0 (50/65) 0.272
Hospitalization days (d) (n/N) 6.8  3.0 (69/70) 6.6  2.9 (23/23) 0.777
Severe cases, % (n/N) 5 (10/198) 3 (2/65) 0.508
Data are expressed as mean  standard deviation or percentage.
a Two patients had repeated infections.
ALT Z alanine aminotransferase; AST Z aspartate aminotransferase; BUN Z blood urea nitrogen; CRP Z C-reactive protein;
K Z potassium; Na Z sodium; n/N Z number of patients with available or positive data/number of all patients; WBC Z white blood
cells.
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among young adults, mostly soldiers. After military training
in meadows during summer and autumn, many new febrile
cases of scrub typhus would occur. We also found a large
proportion of elderly patients, possibly because Kinmen is
a county of longevity in Taiwan and many elderly people
still perform farm work; therefore, they are still suscep-
tible to new infection.13 Because a substantial proportion
of the residents are likely to have been infected previously,
the likelihood of reinfection is also higher. We found two
patients with recurrent scrub typhus approximately 6 and
12 months after primary episodes with similar symptoms
and signs. Previous studies suggested a protective humoral
immunity against scrub typhus; however, the protectivity is
only short-lived.16 We do not know the seroprevalence of
scrub typhus in Kinmen, and reinfection is possibly under-
diagnosed; the presence of an acquired immunity against
reinfection was unknown.
The clinical manifestations of scrub typhus in Kinmen
are of particular note. An increasing severity in the summertype compared with the autumnewinter type had been
reported.12 However, in Kinmen, the disease manifesta-
tions were comparably mild during summer and autumn.
Skin rash was infrequent (8%) in Kinmen, compared with
22e25% in Taiwan,3,17 37e90% in China,12 87e98% in Korea,8
and 93% in Japan.14 In addition, lymphadenopathy was also
uncommon in Kinmen (18%); but it was frequent in northern
China (61e91%) and Japan (52%).12,14 Severe cases were
rare (5%) and no mortality was directly attributed to scrub
typhus in our cohort; however, the mortality rate was 6% in
Korea,18 12.2% in India,19 and 15e30% in Thailand.20
Several factors may contribute to milder manifestations
of scrub typhus, including host factors and medical care. In
Kinmen, most cases (40%) comprise healthy young adults
(age 20e29 years). Because scrub typhus is highly endemic
in Kinmen during summer and autumn, physicians are very
alert to patients with fever and eschar, which are patho-
gnomonic signs in 93% of our scrub typhus patients.
Approximately 55% of scrub typhus cases were diagnosed
correctly at the very first visit (average 1.6 visits) and
Table 3 The comparisons between mild and severe cases of scrub typhus in Kinmen.
Characteristics Mild cases (n Z 251) Severe cases (n Z 12) p
Age (y) 41  21 62  18 0.001
Sex, male:female 186:65 6:6 0.066
Fever to diagnosis (d) (n/N) 3.6  2.3 (231/251) 6.0  3.2 (12/12) <0.001
Initial laboratory tests
WBC (/mL) (n/N) 5790  2544 (241/251) 8083  2648 (12/12) 0.003
Platelets (/mL) (n/N) 138  54 (240/251) 82  27 (12/12) <0.001
AST (U/L) (n/N) 101  149 (209/251) 291  392 (11/12) <0.001
ALT (U/L) (n/N) 108  117 (229/251) 194  258 (12/12) 0.022
BUN (mg/dL) (n/N) 13  5 (194/251) 35  21 (10/12) <0.001
Creatinine (mg/dL) (n/N) 1.0  0.2 (219/251) 2.7  1.8 (11/12) <0.001
Na (mmol/L) (n/N) 136  5 (186/251) 132  2 (11/12) 0.009
K (mmol/L) (n/N) 3.8  0.5 (188/251) 4.0  0.8 (11/12) 0.188
CRP (mg/dL) (n/N) 4.6  2.5 (189/251) 7.6  3.3 (11/12) <0.001
Hospitalization, % (n/N) 33 (82/251) 92 (11/12) <0.001
Minocycline to defervescence (d) (n/N) 2.7  1.4 (154/251) 4.1  2.4 (10/12) 0.004
Hospitalization days (d) (n/N) 6.4  2.4 (82/82) 9.6  5.0 (10/11) 0.001
Data are expressed as mean  standard deviation or percentage. ALTZ alanine aminotransferase; ASTZ aspartate aminotransferase;
BUN Z blood urea nitrogen; CRP Z C-reactive protein; K Z potassium; Na Z sodium; n/N Z number of patients with available or
positive data/number of all patients; WBC Z white blood cells.
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first medical consultation. The average fever-to-diagnosis
duration was 3.7 days in Kinmen, shorter than 6 days in
southern Taiwan,7 and 7-8 days in Korea.8 Taking these lines
of evidence together, a younger patient population, rapid
diagnosis, and prompt treatment may shorten the disease
course and reduce severity. Therefore, skin rash, a sign that
usually occurs 4-5 days after fever, is uncommon in our
cohort, along with severe disease.
It is important to identify severe cases of scrub typhus
earlier and provide timely, intense care to reduce morbidity
andmortality, especially in medically deficient areas such as
Kinmen. A previous study showed that age 60 years,
absence of eschar, white blood cell counts >10,000/mm3,
and serum albumin level 3 g/dL were factors predictive of
severe cases in Korea.8 We otherwise found that older age,
longer fever duration, thrombocytopenia, abnormal liver
and renal function, hyponatremia, and elevated CRP levels
are associated with severe complications. Those patients
would have a higher percentage of hospital admission,
longer hospitalization, and longer time to defervescence. Of
note, eschar was present in all severe cases of scrub typhus
in Kinmen. These factors associated with severe disease
should be kept in mind by primary care physicians during
treatment.
Our study had several limitations. First, this is a retro-
spective and cross-sectional study design; therefore, some
of the clinical information was lacking. However, we did
collect data from more than 75% of patients. Second, this
study was performed in Kinmen only and the results may
not be generalized to Taiwan as a whole. Third, the geno-
typic data of scrub typhus during summer and autumn was
incomplete; therefore, the association of genotype with
clinical manifestation awaits further investigations.
In conclusion, a special summer-autumn type of scrub
typhus with milder disease is identified in Kinmen.The disease manifestation is comparable between summer
and autumn. Older age, longer fever duration, thrombo-
cytopenia, abnormal liver and renal function, hypona-
tremia, and elevated CRP levels are associated with severe
complications and prolonged treatment duration. Clini-
cally, younger patient population, rapid diagnosis, and
prompt treatment may be associated with a shortened
disease course and a better outcome.Acknowledgments
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